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Abstract 
In Malaysia, interest of public toward robotic teachings has increasing astonishingly in the last few years. In most of technology 
learning environment in traditional classroom, the ways of learning could be dull and lack of activities that involved the children. 
In this paper, we present a curriculum development for a robotic class for Malaysian gifted enrichment program. During the 
program,  students explored the potential of using the LEGO® NXT Mindstorms set to instill engineering skills, computer 
programming, innovation and creativity among them. By using the NXT set which is affordable, motivational and effective 
teaching material for robotic and programming, the three weeks  program provided hands-on experience which gave the students 
the opportunity for creativity and sense of achievement. It has been proved that during our program, the students had upgraded 
their sense of creativity by developing various types of robot with the versatility of LEGO® NXT Mindstorms. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Today, in modern technology advances, there is a continuous demand for highly motivated and skilled engineers 
especially in the crucial fields such as robotic and automation. To meet this demand, a technology curriculum is 
needed at the school level to give students insight into engineering fields and attract students to mathematics, 
science and technology especially for high achievers student. The curriculum must be develop so that it will be able 
to attract the motivation and nurture the students because many of the traditional way of classroom which can be 
dull and less appealing to students(Seefelt, 1999). Educationist proposed that the technology curriculum at the 
school level should discard the confined professional bias and provide an insight into engineering science which is 
opposed to the traditional vocational education approach (Waks, 1995). Therefore, new approaches to design an 
appropriate modern strategy for implementing high quality of technology program at school level are needed. In the 
effort of stimulating especially young generations at early childhood ages from  primary school students to get 
involved with engineering, science and  technology, robotics in which today have being a multifaceted 
representation of modern science and technology seems to be a topic that will attracts the interest of young children.  
Traditionally, robots have been programmed by high complexity or even a low level computer languages, which 
would tend to mitigate against their use within education. In the industrial area, robots are widely use to increase 
productivity and hence production capacity. However, due to the complexity of robotics studies, it is hard to attract 
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and pass the knowledge to students.An interesting approach to address this has been taken by an international group 
of researchers who work in evolutionary robotic design. They have successfully demonstrated the use of 
evolutionary robotic approaches that can enable children to design for themselves a range of simple robotic behavior 
such as collision avoidance, line or wall following(Lund et. al., 1998). Seymour Papert, supports an approach of 
learning in the classroom which he calls ‘constructionism’, opposed to the traditional style of  ‘instructionism’ 
(Papert, 1993). He means that children will do best by finding for knowledge by themselves. Improvisational, self-
directed, ‘playful’ activities should simulate the more ‘natural’ way in which children seem to learn outside the 
classroom. However, a robotics program at school level should not only focus on the introduction of engineering 
skills, but should also aim to bring out the best of scientific concepts and technological principles through active, 
creative and meaningful learning.  
In this paper, we present a robotics program that has been carried out at Center for PERMATApintar which was 
able to stimulate critical thinking, communications and teamwork among students. In the program, instead of using a 
one-way and top-down transmission of knowledge from teacher to students, we adopt an appropriate learning 
environments that  used an application oriented or students centred style. The goal of the program is to create a new 
interest and develop a in a new style of learning, in which take account of each personal variation in learning styles.  
2. The classroom 
The Introduction to Robotics was part of the Center for PERMATApintar Negara (PPN) School Holiday 
Enrichment Program held in Universiti Kebangsaan Malaysia.  The three week course met for four and a half hours 
per day, five days per week.  Students also attended a 90-minute lab session five afternoons per week. There were 
approximately 90 contact hours with the discipline. In this course students were engaged in design activities 
challenging them to develop their own original solution for each problem presented. This offers extraordinary 
creative freedom developing the “out of the box” thinking that is important for future innovators and engineers. 
Students built robots using LEGO® NXT Mindstorms robotics equipment and NXT-G graphical language. In the 
design phase students covered basic physical engineering topics such as systems engineering, simple machines, 
stable structures and locomotion. Emphasis was placed on the design process, including maintaining a design 
notebook and obtaining feedback from “the customer.”  They also surveyed principles of electrical engineering 
Figure 1 A line follower robot  
2530  Rizauddin Ramli et al. / Procedia Social and Behavioral Sciences 15 (2011) 2528–2532
including sensor feedback, circuits, signals, and radio frequency digital communications. Students embraced 
foundational computer science concepts such as algorithms, loops, switches, sequential control flow and the use of 
Boolean operators as they learned to program and control their robots using the NXT graphical programming 
environment. When students have a basic  knowledge of robotics among them, it can encourage them to learn more 
about various types of robots such as industrial robot, humanoid robot, rescue robot and others. We believe that the 
basic knowledge of robotics can lead to the development of their critical thinking skills which is the most important 
to be a future scientist, engineers or researchers and LEGO ®NXT Mindstorms fits into this planning perfectly.  
The PERMATApintar Negara School Holiday Enrichment program which is fully sponsored by the Government 
of Malaysia is committed to use robotics in order to encourage young gifted children to learn science and 
technology. Through our gifted enrichment program, we tend to create a more technologically literate youngsters in 
Malaysia. In the program, highly potential students all over Malaysia is selected based on IQ test called UKM1 and 
UKM2. The first holiday camp was successfully conducted in 2009 with 420 students from the age of 9 until 15 
years old. Out of this numbers, 48 students with ages of 12 years old were selected to attend the robotic classes.  
The Introduction to Robotics course  was divided into 3 classes where in each class there was an instructor and a 
teaching assistant(TA). The instructors and TAs was selected based on their expertise and experiences both in 
teaching pedagogy and robotic contents as well. In 2009 session, the first class of robotic (RO1) was conducted by a 
master student in mechatronic with a teaching experience in school and matriculation college for more than 10 
years.  The second class of robotics (RO2) instructor was a senior mathematic teacher at a well known boarding 
school in Malaysia.  The third class of robotics (RO3) instructor was a master student of information technology(IT) 
. The objectives of the Center for PERMATApintar Negara introducing the Introduction to Robotics course is to 
develop a mathematical competency and technological literate children students. We also want to  influence the 
children to be more interested in robotics and at the same time having fun with experimenting the robot 
technologies.  In our PERMATApintar program, we allow children to design, build and program their own robots 
and they will get involved in many technical activities that also overlap with several other disciplines like 
mathematics, engineering, electronics, IT, science and technology in general. During their 3 weeks camping period, 
they also they have to learn how to work in teams and faced many difficult technical decisions in order to enhance 
their management skills.  
3. Robotics Implementation in Teaching 
In the industrial area, robotic arms are widely used to increase productivity, and hence production capacity since 
it can replace the human labor because robots can perform a tasks more accuracy, consistent and faster than human 
being. Besides that, robots can be substituted for humans in hazardous or uncomfortable work environments. 
However, due to the complexity of robotics studies, it is hard to attract and pass the knowledge to the students. This 
can be overcome by developing interest among student at early ages by introducing the simplest robotic knowledge 
to them. At the Center for PERMATApintar Negara, the use of robotics as the tools for engaging teachers and young 
children in mathematic, science, technology and engineering has provides an opportunity for an active design, 
stimulate and motivate the ways of thinking in order to solve what they think is a real world problems. In general, 
robotic is an engineering art combining electrical, electronic, computer science and mechanical engineering 
technologies. Though a meaningful projects such as building an exploration robot with light and ultrasonic sensors,  
they explore and play with new concepts.  
In our robotic classes, we use robotics construction sets of the LEGO ®NXT Mindstorms series(LEGO, 2010). 
This sets represent an ideal tool for our purpose not only serving as a physical model for programming, but also 
being easy to handle and still allowing a lot of freedom for students creativity. The LEGO ®NXT Mindstorms is a 
set consists of structural and mechanical building parts such as gears, axles, and beams, a programmable NXT 
intelligent brick, several motors, and sensors. The NXT intelligent brick (I-Brick) is a programmable device, build-
in speaker, push buttons and plugs to connect to input and output devices. In order to download a program created in 
a  PC,  it  can  be  connected  to  a  PC via  a  USB,  or  alternatively  we can  use  Bluetooth  capability  which  also  allows 
direct communication between I-Brick. Among the sensor that are available in the packet include touch sensor, 
ultrasonic sensor for measuring distance to an object, sound sensors, light sensors and rotation sensors.   
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3.1. Robot Building and Programming 
During the first day of the program, students are given chances to explore the flexibility of using LEGO ®NXT
Mindstorms set to built robots according the syllabus we provided. Teachers gave a basic instructions of the set and 
programming and most of the time it depends to to the student themselves. In three weeks program, they were able 
to built numbers of different interesting robots such as explorobot, stringbot, line follower robot, shoe crane robot, 
sumo robot, soccer robot and animal robot. Figure 1 shows one of the robots that has been built by the students for a 
line follower task. The robot vehicle uses a light sensor to follow a color boundary on a smooth surface. At the same 
time, that robot also will turn towards the opposite direction on the track when detect obstacle which is situated in 
front of it in certain distance.  
In the LEGO ®NXT Mindstorms set, the most important part is the I-Brick. The I-Brick consists of three output 
ports to connect with servo motors, and four input ports to connect various types of sensors. The basic LEGO ®NXT
Mindstorms set comes with touch sensor, sound sensor, light sensor, and ultrasonic sensor. The most challenging 
parts for the students is the programming. In our class, we controlled the NXT by a graphical programming language 
named NXT-G as shown in Figure 2. Beside the NXT-G, other programming languages that used text based 
language such as NXC (Not eXactly C), ROBOT C, Java, MATLAB, leJOS NXJ and others are also available (Kim 
2007). However, for a primary school students, these programming language are not very suitable since it needs a 
basic text based programming experience. Figure 3 shows the text based programming language NXC for the same 
task of line following robot.  
Figure 2 NXT-G programming Figure 3 Text based programming language NXC 
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4. Results 
At the beginning of the class, we conducted a pre-test to determine the baseline knowledge that the students have 
before entering the classroom. The question was developed by the teachers and key instructors. The questions tried 
to gain as much information from the student. Based on this pre-test, the teachers can analyzed the basic knowledge 
that the student have and use it to improve his or her teaching style. Finally, at the end of the program, the students 
were given a post test with exactly the same question so that an improvement can be seen for each class. Figure 4 
shows the average result of pre-test and post test of each class. It seemed that after three weeks of the program, more 
that 50 percent of the students understood the course held in the program. 
5. Conclusions 
In this paper, we presented the experience of the Center for PERMATApintar gifted enrichment program 
conducting a robotic class. The idea of learning by playing and hands-on experience which stands behind the LEGO 
®NXT Mindstorms set has been adopted in our program. Through our extensive 3 weeks program, the children have 
proved that they were able to perform an extensive programming skills of NXT-G, building a various types of 
complicated  robots, self confidence in demonstrating and presenting their work as well as interactive social skills 
between them. 
Finally, we believed that the use of LEGO ®NXT Mindstorms as a medium of teaching robotics enabled us to 
facilitate an active learning environment, interpersonal communication skills and programming skills among the 
students attended our camp.    
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